Nuclear localization of MBNL1: splicing-mediated autoregulation and repression of repeat-derived aberrant proteins.
In some neurological diseases caused by repeat expansions such as myotonic dystrophy, the RNA-binding protein muscleblind-like 1 (MBNL1) accumulates in intranuclear inclusions containing mutant repeat RNA. The interaction between MBNL1 and mutant RNA in the nucleus is a key event leading to loss of MBNL function, yet the details of this effect have been elusive. Here, we investigated the mechanism and significance of MBNL1 nuclear localization. We found that MBNL1 contains two classes of nuclear localization signal (NLS), a classical bipartite NLS and a novel conformational NLS. Alternative splicing of exon 7 acts as a switch between these NLS types and couples MBNL1 activity and intracellular localization. Depending on its nuclear localization, MBNL1 promoted nuclear accumulation of mutant RNA containing a CUG or CAG repeat, some of which produced proteins containing homopolymeric tracts such as polyglutamine. Furthermore, MBNL1 repressed the expression of these homopolymeric proteins including those presumably produced through repeat-associated non-ATG (RAN) translation. These results suggest that nuclear retention of expanded RNA reflects a novel role of MBNL proteins in repressing aberrant protein expression and may provide pathological and therapeutic implications for a wide range of repeat expansion diseases associated with nuclear RNA retention and/or RAN translation.